This study was designed to evaluate the effect of Beta-sitosterol (BS) on the of peroxisome proliferator-activated receptor gamma (PPAR-γ) gene expression role in the activity of PON-1 enzyme in oxidative stress status of irradiated rats. Animals were exposed to whole body γ-radiation single dose 6Gy and received BS dose (40 mg·(kg body mass) -1 ·day -1 , orally).
Introduction
The exposure of living organisms to ionizing radiation-induce damage, has a lot in common with other metabolic stress and diseases. The underlying mechanism, in most cases, is oxidative stress and metabolic dysfunction that leads to cell injury through damage the major cell structural and functional components, such as proteins, lipids and DNA. It is highly cumulative damage happened by excessive production of reactive oxygen species (ROS) and reactive D r a f t 4 detoxifies lipid peroxides and protect low-density lipoproteins (LDL) from oxidation (Al-Rejaie et al. 2013) . Furthermore, PON-1 also decrease the lipid peroxidation caused by the free radicals on the cell membranes and lipoproteins (Yildirim et al. 2012) . Furthermore, Guo et al. (2015) found that regulation of PON-1 gene play a protective effect against oxidative stress of liver injury via reduce lipid peroxidation content and enhance superoxide dismutase (SOD) and catalase (CAT) activities. Meanwhile, PON-1 is an important determinant to decrease macrophage oxidative status, to stimulate cholesterol efflux from macrophages, decrease oxidative status, and to confer cytoprotection against apoptosis by up-regulating macrophage scavenger receptor. Thus, the decreased in PON-1 activity release from the liver would lead to deleterious effect (Khateeb et al. 2012 ).
Adhering to the hypothesis that the exposure of hepatocytes to free fatty acids in the context of dyslipidemia, resulting in increased ROS production and mitochondrial damage, is balanced by the presence of antioxidant substances, circulating levels of cytochrome c, triglycerides and unconjugated bilirubin should to be explored (Tarantino et al. 2011 ).
Phytosterols are naturally compounds bear a resemblance to cholesterol both in structure and biological function. They regulate membrane fluidity and permeability in addition to membrane-D r a f t enzymatic and non-enzymatic antioxidant in cells making it effective as anti-diabetic, neuroprotective and chemoprotective agent (Saeidnia et al. 2014) . Moreover, β-sitosterol increase the antioxidant activity, altering the gene expressions, inducing apoptosis, and inhibiting angiogenesis and metastasis, but extensive researchs are highly recommended (Bin Sayeed and Ameen 2015) .
This study aimed to gain insight into the role of β-Sitosterol on the link between PPAR-γ expression and activity of PON-1 enzyme in oxidative stress status induced by radiation. This goal was investigated by assay of PPAR-γ, PON-1, ARE, SOD, CAT, MDA and lipid profile (Cholesterol, triglycerides; TG, LDL-c and HDL-c) in rats serum and liver.
Materials and methods:-
Materials: β-Sitosterol obtained from © SOURCE NATURALS, INC. All chemicals used in these study were purchased from Sigma (St. Louis, MO, U.S.A.).
Experimental Animals:
In this study, six weeks old male albino rats weighed 120-150 gm were used. The rats were purchased from the breeding unit of Egyptian Holding Company for Biological Products and Vaccines. The animals were housed in standard cages; food and water were provided ad libitum. Animals experimentation were consistent with the guidelines of Ethics by the Guide for the Care and Use of Laboratory Animals (National Research Council 1996) Irradiated group (R): rats were received 0.5 ml saline orally for 10 days and exposed to single dose 6Gy of γ-radiation on the 9 th day of experiment; BS+R group: rats received BS and exposed to γ-radiation.
At the end of the experiments, after an overnight fast, rats were anesthetized with ether and then sacrificed. Blood samples were taken just prior to dissection from the venous plexus behind the orbit in a sterile centrifuge tube and allow to clot overnight (4 o C) then serum was separated following centrifugation (1500/min for 30 min). Liver was directly separated after sacrificing; a known weight of the liver tissue was homogenized in buffer solution using homogenizer then the cell debris was removed by centrifugation at 3000 rpm for 10 min. The homogenates supernatant and serum were used for the estimation of the following biochemical analysis.
Detection of PPAR-γ gene expression:
RNA extraction and cDNA synthesis: from liver tissue homogenates, total RNA was isolated using RNeasy Purification Reagent (Qiagen, Valencia, CA) in accordance with manufacturer's instruction. The purity (A260/A280 ratio) and the concentration of RNA were obtained using spectrophotometry (GeneQuant 1300, Uppsala, Sweden). gel electrophoresis was used to D r a f t 7 confirm RNA quality. First-strand cDNA was synthesized from 4 µg of total RNA using an Oligo (dT)12-18 primer and Superscript™ II RNase Reverse Transcriptase, This mixture was incubated at 42°C for 1 h, the kit was supplied by SuperScript Choice System (Life Technologies, Breda, the Netherlands).
Real-time quantitative polymerase chain reaction (PCR):
The genes expression of PPAR-γ was examined using real-time PCR with the primers (Forward 5′ GCGGAGATCTCCAGTGATATC3′ and Reverse 5′ TCAGCGACTGGGACTTTTCT3′).
Real-time PCR (RT-PCR) amplification was carried out using 10 µL amplification mixtures containing Power SYBR Green PCR Master Mix (Applied Biosystems, Foster City, CA USA), equivalent to 8 ng of reverse-transcribed RNA and 300 nM primers. Reactions were carried out in the ABI 7500 quantitative PCR (qPCR) (Applied Biosystems) or Eppendorf Realplex instrument. PCR reactions were conducted as follows: first cycle of 10 min at 95°C was followed by 40 cycles of 15 s at 94°C, 20 s at 55°C, and 20 s at 68°C. Data were analyzed with the ABI Prism sequence detection system software and quantified using the v1·7 Sequence Detection
Software from PE Biosystems (Foster City, CA). Relative expression of studied genes was calculated using the comparative threshold cycle method. All values were normalized to the GAPDH genes (Forward: 5′-CTCCCATTCTTCCACCTTTG-3′ and Reverse: 5′-
CTTGCTCTCAGTATCCTTGC-3′) (Livak and Schmittgen 2001).
Biochemical Assay: In serum and liver tissue, PON-1 and ARE activities were measured spectrophotometrically according to the method described by Gan et al. (1990) . PON-1 activity was determined by using 1.0 mM paraoxon as substrate in 50 mM glycine/NaOH (pH 8.0), 1 mM CaCl 2 , and 1 M NaCl. to NBT-diformazan, which absorbs light at 560nm. The SOD activity was defined as the amount of enzyme required to give 50% inhibition of NBT reduction and expressed as units/ mg protein.
The CAT activity was assay based on the disappearance of peroxide is followed spectrophotometrically at 240nm. Results:
PPAR-γ Gene Expression
The results of BS group revealed non-significant change in PPAR-γ mRNA expression compared with control. But, R group display significant (P<0.05) reduction in PPAR-γ mRNA gene expression when compared to control. On the other hand, administration of BS showed significant (P<0.05) improvement in PPAR-γ mRNA expression of BS+R group as compared with R-group (Figure 1 ).
PON-1 and ARE enzymes activities
In BS group, the data showed non-significant change in the PON activity when compared to control. In R group, the experimental data display that the PON activity was decline significantly (P<0.05) when compared to control group in both serum and liver. On the other hand, the administration of BS significantly (P<0.05) enhanced the activities of PON in both serum and liver of BS+R group as compared with R group (Figure 2 ).
In the BS group the results revealed normal in ARE activity as control. In R group, the data observed significant (P<0.05) decline in ARE activity in both serum and liver when compared to control group. The oral administration of BS in BS+R group, revealed significant (P<0.05) enhanced in the activities of both serum and liver ARE compares with R-group ( Figure   3 ).
D r a f t

MDA
Serum and liver levels of MDA in BS group was similar with control level. The oxidative stress marker MDA was significantly (P<0.05) increase in serum and liver of irradiated rats compared to control group. Treatment with BS display significant decrease in oxidative stress marker MDA levels in serum and liver of BS+R group as compared to R group (Figure 4 ).
SOD and CAT activities
Activity of SOD in BS group revealed non-significant compared to control group. The results revealed hazard effect of γ-radiation on antioxidant enzyme manifested by significant (P<0.05) decrease of serum and liver SOD activity in R-group as compared with control group.
Administration of BS showed significant increase in serum and liver SOD activity in BS+R group as compared to R-group ( Figure 5 ).
There is non-significant change in CAT activity in BS-group compared to control group. In R-group, the data revealed significant (P<0.05) decrease in CAT activity as compared with control group (Figure 6 ). Otherwise, the oral administration of BS to irradiated rats significantly (P<0.05) increase CAT activity in serum and liver when compared to R group (Figure 6 ).
Lipid Profile
Data in table (1) represented the levels of lipid profile in serum of BS group, the results revealed non-significant change compared to control group. In R group, the data display significant (P<0.05) decreased in HDL-C accompanied with significant elevated in Cholesterol, TG and LDL levels when compared to control group (Table 1) . Meanwhile, treatment with BS in D r a f t 11 BS+R group showed significant (P<0.05) improvement in serum levels of lipid profile compared to R group (Table 1) .
Discussion:-
Ionizing radiation exposure is environmental contaminants that may pose long-term health risks. Unfortunately, the consequent implementation of preventive measures was generally delayed, causing important negative effects on the exposed populations. and/or lowered the number of metastases (Trautwein and Demonty 2007) . Due to these completive properties it has been proposed to use in nonalcoholic fatty liver disease (NAFLD) patients (Tarantino 2007) .
Based on the results obtained in the current study it could be concluded that, β-sitosterol up-regulate PON-1 and ARE enzymes activities via stimulating PPAR-γ mRNA expression.
Subsequently, this effect decrease oxidative stress marker, increase antioxidant enzyme activity and ameliorate the balance in lipid profile. We recommended that, a diet supplemented with natural β-sitosterol should be advised to avoid risk radiation expose inducing oxidative stress due 
